The efficient use of biomass as fuel requires prior knowledge of the composition and properties of the material in order to be able to develop technologies for its efficient combustion while ensuring that emissions of pollutants remain within acceptable limits. Therefore, the analysis of the physical and chemical properties of these materials is essential in order to evaluate their potential for energy purposes. Given the need for improved understanding of biofuels, this study aimed to characterize biomass waste obtained from the manufacturing process of wood panels and urban waste for the production of solid biofuels. Biomass wastes were characterized in terms of their physical and chemical properties. Wastes that presented the poorest qualities for use as fuels were eucalyptus bark, industrial waste, and sweepings, which had high ash contents and low calorific values. The remaining wastes showed satisfactory characteristics for use as solid biofuels.
INTRODUCTION
The rising global demand for energy, which is mainly consolidated around fossil fuels, has resulted in great dependence on an energy source whose use is expensive, potentially unreliable, and harmful to the environment. This situation has led to the search and development of alternative sources of energy, with growing emphasis on the use of renewable ones due to recent shifts in environmental awareness (Adams & Lindegaard, 2016; Bach et al., 2016) .
Amongst the various renewable options, vegetal biomass, which was in the past considered inferior fuel, has become increasingly attractive (Gravalos et al., 2016; Tao et al., 2012a; Tao et al., 2012b; Williams et al., 2012) .This material can be used in a variety of systems to produce bioenergy and consequently contribute to the development of more sustainable human societies.
The efficient use of biomass as fuel requires prior knowledge of the composition and properties of the material in order to be able to develop technologies for its efficient combustion while ensuring that emissions of pollutants remain within acceptable limits.
Biofuels can be characterized in terms of their chemical and physical properties, once data obtained are used to establish the most suitable combustion conditions. However, a greater number of operational factors influence the combustion of solid biofuels, compared to gases or liquids. It is therefore essential to analyze these materials in terms of their calorific value, elemental and immediate chemistry, moisture content, particle size, and apparent density. Knowledge of these properties enables biofuels to be used more efficiently for energy production (Tao et al., 2012a; Tao et al., 2012b) .
The calorific value of a substance is defined as the amount of energy per mass unit released in the form of heat during material combustion. Immediate analysis (proximate analysis) of a fuel provides volatile matter, fixed carbon, and ash percentages. During combustion of a solid fuel, volatile substances present are released as gases that burn in the form of a flame. The heat generated is then dispersed around the combustion zone, which avoids high heat intensity at localized points. The combustion of fuels containing high levels of volatile substances is both faster and easier. The fixed carbon fraction consists of the material that is combusted in the solid state, and fuels with higher fixed carbon contents are preferable, because they burn more slowly. The ash fraction is the residue that remains after combustion is complete, and consists of inorganic components such as calcium, potassium and magnesium, which are present in the form of salts including sulfates, phosphates, carbonates, and silicates, among others. In biofuels, the ash fraction can vary from around 0.5% to more than 5%, depending on variables such as plant species and amounts of bark and soil. High ash levels result in the need for more frequent cleaning of combustion equipment and can lead to greater corrosion of metal components.
In Brazil, the energy generated from biomass is seen as an opportunity by various sectors of industry (mainly agro-industry and forestry) in which large amounts of biomass wastes are generated during the productive chain (Cortez et al., 2008; Santos et al., 2013) . These industrial activities include the sugar/alcohol and timber processing sectors. In the latter case, wastes generated include wood fragments, tree bark, roots, and sawdust. Other agro-industry wastes include rice husks and materials generated in the paper/cellulose sector (Santos et al., 2013; Protásio et al., 2011; Paula et al., 2011; Andrade et al., 2013; Brand et al., 2014) .
Given the need for an improved understanding of biofuels, the objective of the present work was to evaluate the properties of vegetal biomass waste derived from the manufacturing process of wood panels (Eucalyptus spp.), as well as urban waste for the production of solid biofuels, used as sources of energy. Waste materials were produced during the different stages of MDF manufacture (medium density fiberboard), and were classified as follows: industrial waste (a mixture of MDF agglomerates, hard chips, laminate panels, MDF panels, and other wood materials); eucalyptus bark; eucalyptus fines; waste from sweeping; eucalyptus particles; eucalyptus particles with resin and additives; eucalyptus wood dust; and wood dust with resin, additives, and urban waste (without defined composition).
MATERIAL AND METHODS
Waste materials were produced during the different stages of MDF manufacture (medium density fiberboard), and were classified as follows:
industrial waste (a mixture of MDF agglomerates, hard chips, laminate panels, MDF panels, and other wood materials); eucalyptus bark; eucalyptus fines; waste from sweeping; eucalyptus particles; eucalyptus particles with resin and additives; eucalyptus wood dust; and wood dust with resin, additives, and urban waste (without defined composition). The different types of lignocellulosic wastes analyzed in this work are detailed in Table 1 .
Wastes were characterized in terms of their physical and chemical properties, following standard procedures. Analyses were performed in triplicate.
Physical properties apparent density (ABNT NBR 6922, SCAN-C46:92 and ABNT NBR 14984) and moisture content on wet basis (MC wb ) of waste samples were determined according to the Brazilian Technical Standards Association NBR 14929. Chemical properties determined were moisture content, immediate analysis, higher and lower calorific values, and calorific values, including the influence of moisture (net calorific values).
Immediate chemical analyses of samples considered mass fractions of moisture, volatile matter (VM), ash, and fixed carbon (FC). The VM, FC, and ash contents (on a dry basis) were determined according to procedures described in Standards Methods (ABNT NBR 8112, ASTME 871-82, ASTME 872-82 andASTMD 1102-84), substituting a platinum crucible for a porcelain crucible, and using temperature of 600 °C for ash determination.
Higher calorific values (HCV) of wastes were determined according to ASTM E 711-87 standard, using Model C 5000 calorimeter (IKA-Werke). For quantification of the lower calorific values (LCV), the heat released during the condensation of moisture present in samples was ignored, and only the heat obtained from fuel actually used was considered. The LCV calculation used an average elemental hydrogen content of 6% in dry wood and Equation 1 (kJ kg -1 ).
( 
Where:
NCV %MC = net calorific value of samples, in kJ kg -1 ;
%MC wb = percentage moisture content of samples on wet basis;
ΔH v = 2,512.08 J = 600 cal, this is the amount of energy (latent heat) required to evaporate 0.540 kg of water formed during the combustion of 1.0 kg of moisture-free (dry) vegetal biomass, assuming average elemental hydrogen content of dry wood of 6.0%.
RESULTS AND DISCUSSION
Results are discussed in terms of the physical and chemical properties of biomass wastes.
The Table 2 presents the values obtained for apparent density, along with moisture contents in biomass wastes.
The R-Dust/R/A waste showed the highest apparent density (255.7 kg m -3 ), which could be explained by the presence of resin and additives incorporated in the wood. Although the R-Par/R/A material had the same composition as the dust, the greater density of dust was due to the material packing (less empty space among dust particles). The moisture contents of both materials were similar, around 5%.
The industrial waste (R-Ind) also presented high apparent density, because the largest fraction of the material consisted of MDP panels, which, in addition to containing resin and additives, is a compacted material.
Another feature observed was the high moisture content of eucalyptus bark (R-Bark). High moisture level can negatively affect the calorific value and significantly increase transportation costs. For example, in the case of eucalyptus bark with this moisture content (11.4%), 60% of the transported weight would consist of water.
Sweeping waste (R-Sweep) showed the lowest apparent density, 155.3 kg m -3 , because a significant proportion consisted of de-fibered eucalyptus bark with low moisture content. Overall, wastes containing resins and additives presented the highest apparent density.
The immediate analysis of results obtained for materials are given in Table 3 . It was observed that samples contained high levels of volatile material, within the 74-89% range reported in literature (Brand, 2010) . This material usually consists of substances that burn more easily and rapidly (Yaman, 2004; Brand, 2010) . However, other factors also need to be taken into consideration in deciding how a certain fuel will behave during combustion. It is necessary to analyze the capacity of the volatile matter to combust, which in turn depends on factors including temperature, moisture content, and specific surface area. The last factor influences the rate at which the volatile matter is released. Nonetheless, in general terms, higher content of volatiles tends to favor combustion reactions (which are also dependent on other variables).
The highest volatile matter content (84.6%) was obtained for waste generated in the refiner (R-Par/Re), while the lowest contents were found for eucalyptus bark (73.7%), followed by industrial waste (75.1%), and sweepings (77.4%).
The highest ash content (9.5%) was obtained for industrial waste, followed by sweepings (9.4%) and eucalyptus bark (8.1%). Some individual results showed ash contents close to 10%. These high levels probably resulted from previous operations involving storage, handling, and addition of glues, and contributed to lower contents of volatile matter shown by the three wastes. The lowest ash content (0.1%) was measured for particles generated in the refiner (which showed the highest volatile matter content). The remaining wastes presented ash contents between 0.7 and 3.1%, similar to values previously reported (García et al., 2015) .
An important issue that needs to be highlighted concerns the maintenance and cleaning of the combustion equipment, which needs to be performed more frequently when fuel has high ash content. The presence of ash, as well as moisture, can decrease the rate of combustion reactions, although in many practical situations their values must necessarily be tolerated.
The average fixed carbon content in wastes was 16%, close to values reported in literature (García et al., 2015; Brand, 2010) . The highest values (both 18.1%) were obtained for eucalyptus bark and MDP dust, while the lowest value (13.2%) was found for sweepings. The fixed carbon percentage refers to the fraction that is burned in the solid state, and fuels with higher fixed carbon levels are usually preferable as they burn more slowly (Komilis et al., 2012; Pirraglia et al., 2012) . However, in the present case, despite the fact that the eucalyptus bark presented greater percentage of fixed carbon, which should be an advantage, values obtained for the other variables (lower volatile matter content, and higher ash content) negatively influenced its quality as a fuel.
The Table 4 presents the net calorific values of fuels, together with the corresponding moisture contents and the higher and lower calorific values.
High standard deviations were obtained for the net calorific values of MDP dust (342 kJ kg -1 ), eucalyptus dust (254 kJ kg -1 ), dust with resin and additives (180 kJ kg -1 ), eucalyptus bark (163 kJ kg -1 ), and MDF waste (128 kJ kg -1 ). These can be explained by heterogeneity within the same sample, in terms of both wood and other components (such as resin and additives).
Comparison between the net calorific value (fresh waste containing moisture) and the higher calorific value (dry basis) provides an indication of the negative influence of the moisture content on the energy available per mass unit. (Furtado et al., 2012) . The greatest difference among values, due to the effect of the moisture content on the net calorific value, was obtained for fine eucalyptus waste (difference of 4,866 kJ kg -1 ).
The highest highercalorific value (19,897 kJ kg -1 ) was found for dust with resin and additives, followed by the urban and industrial waste (19,835 kJ kg -1 ). Nine out of the 12 fuels analyzed showed higher calorific values in the 19,400-19,900 kJ kg -1 range. The lowest highercalorific value was obtained for eucalyptus bark (16,937 kJ kg -1 ), followed by industrial waste (17,886 kJ kg -1 ) and sweepings (18,349 kJ kg -1 ), which were fuels containing the highest percentages of inert material (ash). This demonstrates the negative influence of ash on the calorific value.
The calorific values obtained for wastes were within the range reported in literature for eucalyptus wood Furtado et al., 2012; Carneiro et al., 2014; Reis et al., 2012; Couto et al., 2013) . Table 4 reveal the negative influence of moisture on the net calorific values of wastes. The moisture contents of samples were adjusted to 0 (LCV), 30 and 50%. Since the calculation for each waste was based on the higher calorific value, and using the same equation, the decrease in the calorific value was linear for all samples, with an inverse relationship between moisture content and calorific value.
Data provided in
As shown in Table 4 , higher moisture content resulted in smaller amount of energy available per mass unit of fuel. In the absence of moisture, all wastes showed net calorific values greater than 16,500 kJ kg -1 , while with the addition of moisture, values progressively decreased to below 8,000 kJ kg -1 (for 50% moisture content). 
CONCLUSION
The characterization of the different wastes examined in this work provides a better understanding of these lignocellulosic fuels. Wastes that presented the poorest quality for use as fuels were eucalyptus bark, industrial waste, and sweepings, which had high ash contents close to 10%, as well as the lowest calorific values. Among these three fuels, eucalyptus bark was likely to be the most difficult to burn, due to its high moisture content and presence of large particles.
Despite the low moisture content, industrial waste would be likely to cause problems due to the high ash level, resulting in increased maintenance requirements. The same considerations can be applied to sweeping wastes.
The remaining wastes showed satisfactory characteristics for use as fuels, with performance being determined by the moisture content, particle size, and type of combustion equipment used. From the environmental perspective, preference should be given to wastes that do not contain resin and additives in their composition.
The results could be used in studies using mixtures of these fuels, with the aim of improving the characteristics of wastes with worse performances.
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